INTRODUCTION
============

The universal goal of policy makers, to eliminate disparities in gender, social class, race/ethnicity, and place, with regard to health can be achieved by understanding its current state and causes. Disparities in the incidence and outcomes of cancer constitute a major component of social disparities in health \[[@B1]\].

Globally, breast cancer (BC) is the most common cancer afflicting women and is second overall, with an estimated 1,383,000 new cases diagnosed in 2008 \[[@B2]\]. An estimated 225,000 new cases of ovarian cancer (OC) were diagnosed worldwide, making it the seventh most common cancer among women in 2008. In the same year, these cancers were responsible for 598,000 deaths worldwide (17.9% of total deaths caused by cancer) \[[@B2]\]. Among Iranian women, BC is the most common form of cancer and fifth leading cause of death. OC is the eighth most common form, and the 12th most frequent cause of death \[[@B3]-[@B5]\]. Furthermore, most Iranian women are in the advanced stages of BC and are at least a decade younger than their counterparts in developed countries \[[@B6],[@B7]\].

Individual and regional social rank (SR), referring to socioeconomic status, are well-known independent predictors of incidence, diagnosis, treatment, and outcomes of cancer \[[@B8]\]. While epidemiological studies have shown inverse associations between cancer incidence rates and regional SR, positive associations have been observed for BC and OC incidence rates \[[@B9]-[@B13]\]. A previous study conducted across the 22 districts of Tehran, Iran, reported positive associations between BC and OC incidence rates and the districts\' SR \[[@B14]\]. In addition, case-control studies showed that higher education and employment were associated with a higher risk of BC in the country \[[@B15],[@B16]\]. However, these studies are neither national level nor longitudinal studies and therefore, limited in their scope.

My study attempted to fill the gap and examined the distribution of BC and OC incidence rates in Iran using data from the cancer registry at province level, across years 2003 to 2009. The focus of the research questions were on the following: were there any trends in BC and OC incidence rates across 2003 to 2009? Did social disparities exist in BC and OC incidence rates across provinces? How did these social disparities vary over time? Answers to these can guide decision making for health resource allocation for BC and OC control programs across the provinces in Iran.

METHODS
=======

Data sources and variables
--------------------------

Iran, a lower-middle-income country, is located in the Eastern Mediterranean region with an area of 1,648,000 km^2^ and a population of about 75 million (Statistical Centre of Iran Census, 2011).

The census and estimated data on population distribution of the provinces were obtained from the Statistical Centre of Iran. Data on age-standardized incidence rate (ASR) of BC and OC per 100,000 women were obtained from published reports by the Iran Cancer Registry. Up 2007, these reports included only cancer cases diagnosed in pathology departments across the country that were reported to the Office of Cancer and Genetic Diseases, a subdivision of the Center for Disease Control in the Ministry of Health \[[@B17]\]. Since 2008, these reports additionally include nonpathology cases (i.e., population-based registration) to avoid underestimation of cancer incidence rates (e.g., in 2009, 12.1% of all cancer cases were obtained from nonpathology resources) \[[@B18]\]. Human Development Index (HDI) was used as the provinces\' SR, and related data was obtained from the President Deputy of Strategic Planning and Control. HDI is a composite index of three basic dimensions of human development: life expectancy at birth, educational attainment (based on a combination of adult literacy rate and primary to tertiary education enrolment rates), and income (based on GDP per head, adjusted for purchasing-power parity in US\$) (United Nations Development Program: Human Development Index \[HDI\]. <http://hdr.undp.org/en/statistics/hdi/>. Accessed October 18th, 2013).

Social disparity
----------------

Social disparity was evaluated using Cuzick\'s test for trend and disparity measures, rate ratio (RR) and Kunst and Mackenbach relative index of inequality (RII~KM~) \[[@B19]\]. To calculate RR, the provinces were ranked and divided in five quintiles according to HDI using population weights. Negative binomial regression with a robust variance was used to calculate RR and its 95% confidence interval to compare the highest and lowest quintile. Its limitation is that it only considers the population in two extreme socioeconomic groups. To therefore account for the whole population, RII~KM~ was calculated \[[@B19]\]. For RII~KM~, the provinces were first ranked lowest to highest according to HDI and the population in each province was assigned a modified ridit-score (a fractional rank) based on the midpoint of range in the cumulative distribution of the population in a given province. For example, if a province with the lowest HDI comprised 10% of the population, a value of 0.05 (0.1/2) was assigned to this province, and if second province comprise 15% of population, a value of 0.175 \[0.1+ (0.15/2)\] was assigned to this province and so forth. Negative binomial regression was then applied to the expected number of cancer incidences in the provinces using these fractional ranks and population as an exposure variable. With the lowest SR as reference, an RII~KM~ value greater (lesser) than 1 indicates that age-standardized incidence rate (ASR) was higher among provinces with higher (lower) SR, where greater distance from 1 implies more disparity. In this particular case, RII~KM~ has an interpretation similar to risk ratio or relative risk. The expected numbers of BC and OC incidences were calculated by multiplying ASR and population size for each province. Microsoft Excel (Microsoft, Redmond, USA) and Stata version 11 (StataCorp LP, College Station, USA) software were used for these analyses.

To examine changes of ASR of BC and OC over time, annual percentage change (APC) with 95% confidence interval was calculated for the country and all provinces using the Joinpoint Regression Program 3.5.4.

APC was estimated using following regression:

Where I~t~ shows ASR of BC (OC) for year t.

To examine if there was social disparity in APC across the provinces, Spearman rank correlation between HDI and APC was calculated. Moreover, I used *suest*command in Stata to compare the magnitude of disparity between BC and OC, and between the first and the last year of the study period.

RESULTS
=======

[Figure 1](#F1){ref-type="fig"} present average ASR of BC and OC per 100,000 Iranian women over the 2003 to 2009, across the provinces. Substantial differences in the distribution of BC and OC incidence rates across the country were observed. Although the incidence of BC was higher than OC in the country, the distribution of these cancers across the provinces were similar (Spearman rank correlation (ρ)=0.72, *p*\<0.001). The highest and the lowest BC incidence rates were observed in Tehran and Sistan & Baluchestan, respectively (7.4-fold difference). On the other hand, the highest and the lowest OC incidence rates were observed in Tehran and South Khorasan, respectively (6.6-fold difference).

[Figure 2](#F2){ref-type="fig"} presents ASR of BC and OC for the country across the study period. ASR of BC per 100,000 people increased from 16 in 2003 to 28 in 2009. The corresponding figures for OC were 2 and 4 in 2003 and 2009, respectively. [Table 1](#T1){ref-type="table"} presents the provinces\' mean HDI, ASR, and APC values across the study period. Overall APC indicates increasing trends for BC and OC in Iran through 2003 to 2009. Across the provinces, APC for BC and OC were positive and statistically significant in 22, and 13, out of 30 provinces, respectively. This implies that incidence rates of OC were stable in most provinces over the study period.

[Figure 3](#F3){ref-type="fig"} display ASR of BC and OC across five quintiles of HDI in Iran through 2003 to 2009. For both BC and OC, a clear gradient was observed. The results of Cuzick\'s test indicated positive significant associations between BC (Z=4.47, *p*\<0.001) and OC (Z=3.98, *p*\<0.001) incidence rates and the provinces\' SR. The social disparity measures are shown in [Table 2](#T2){ref-type="table"}. RR was significantly higher than 1, in every year of the study period, implying higher BC and OC incidence rates across the provinces in the highest quintile of HDI compared with the lowest one. The RII~KM~ values also showed that incidences of BC and OC were higher across the provinces with higher SR.

Comparison between RII~KM~ for BC and OC showed that in 4 out of 7 years, RII~KM~ values for BC were significantly higher than OC, implying that social disparity was more profound in the BC. In the other 3 years, no significant differences were found. Trend analysis of RII~KM~ showed that in both BC and OC, social disparities were stable over the study period. There was no significant difference between RII~KM~ in the first and last years of the study. In addition, Spearman rank correlation between HDI and APC was found to be small and statistically insignificant (ρ=-0.04, *p*=0.84 for BC; ρ=-0.25, *p*=0.19 for OC) implying that there were no social disparities in changes of BC and OC incidence rates over the study period.

DISCUSSION
==========

In this, first of its kind, national level study, I assessed social disparity in the distribution of BC and OC incidences across Iran\'s provinces over a period of 7 years ( 2003-2009). There were increasing trends in BC and OC incidence rates in the country across the study period. Moreover, I found substantial social disparities in BC and OC incidence rates across the country in favor of provinces with lower SR, which that remained stable over time. In addition, social disparities were more profound for BC than OC.

The annual increase in BC and OC was 11.6% and 9.7%, respectively through 2003 to 2009. These increasing trends are in line with previous studies conducted in Iran \[[@B3],[@B6]\]. It is argued that lifestyle changes in favor of westernization, e.g., change in reproductive behavior, age of marriage, age at first birth, dietary habits, obesity, less physical activity, and smoking might partly explain these trends in the country \[[@B20]\]. Improving diagnostic and therapeutic services might be another reason for such upward trends. In addition, improving and expanding the cancer registry using confirmed histological cases to a population-based registry might explain the observed trends in Iran.

In line with previous studies, positive associations between BC and OC incidence rates and SR at the ecological level in Iran were found \[[@B11]-[@B14]\]. These positive associations might be partly explained by established reproductive risk factors for BC and OC \[[@B21],[@B22]\]. Previous studies in Iran showed that women with better SR were generally older at time of their first marriage and first delivery, had fewer children, and had a later onset of menopause, than their counterparts with lower SR \[[@B23]-[@B25]\]. Although there is a lack of evidence for the association between SR, the use of hormone replacement therapy, and access to early diagnosis in Iran, previous studies suggest that these might partly explain positive associations between SR and incidence rates of BC and OC \[[@B26]\]. Furthermore, previous studies in Iran found a positive association between higher SR and conducting breast self-examination, which may have resulted in higher rates of observed BC incidence among women with higher SR \[[@B27],[@B28]\].

Similar to studies in Italy and the United States, social disparity in BC and OC incidence rates were stable over time in Iran \[[@B29],[@B30]\]. In addition, there were no significant differences in APC with respect to SR in the current study. These findings highlight the need for developing and conducting health interventions and programs to narrow social disparities in Iran, by especially focusing on the distribution of known risk factors of BC and OC.

The first limitation of this study is the error in recording and classification, specifically in pathology registries, which may be a source of bias. I expect this to be more common in provinces with lower SR. Therefore, it is suggested that there might be upward bias in estimates of social disparities. Second, data from the National Cancer Registry provide data at the province-level, which did not allow analysis for smaller geographic areas such as counties. This implies that the observed disparities in BC and OC incidence rates between-provinces are not necessarily applicable to smaller geographic units or individuals. Third, this study uses an ecological paradigm and no control for confounders (e.g., lifestyle factors) was applied. Thus, no causal inference can be drawn from the results.

In summary, the present study indicated that there have been increasing trends in BC and OC incidence rates in Iran through 2003 to 2009. I found substantial social disparities in the distribution of BC and OC incidence rates across the provinces in Iran in favor of provinces with lower SR. In addition, I found that these social disparities were stable over time. Further analyses are needed to explain observed social disparities in the current study. This study\'s recommendations provide valuable information for health resource allocation pertaining to BC and OC control programs across provinces in Iran.
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Mean HDI, ASR, and APC (%) of breast and ovary cancers incidences in Iran\'s provinces, 2003 to 2009
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HDI=Human Development Index; ASR=age-standardized incidence per 100,000 population; APC=annual percentage change.

^\*^Statistically significant result (*p*\<0.05); ^†^Based on data year 2005 to 2009.
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Social disparity measures of breast cancer incidence in Iran, 2003 to 2009
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RR=rate ratio (the highest vs. the lowest quintile of Human Development Index); CI=confidence interval; RII=relative index of inequality.

^\*^Statistically significant result (*p*\<0.05).
